Although elevated intraocular pressure is a major risk factor for the development of glaucoma, there is increasing evidence that the immune system may be involved in the development of normal-tension glaucoma (NTG). The aim of this study was to determine if NTG is associated with elevated levels of antibodies against human heat shock protein (HSP) 60.
Background
Glaucoma is a group of diseases characterized by chronic progressive optic neuropathy caused by degeneration of retinal ganglion cells and their axons, resulting in the typical appearance of the optic disc, which differentiates it from other optic neuropathies and their visual-field defects [1] [2] [3] [4] . There is thinning of the neuroretinal rim and the central depression of the optic disk expands. The causes of optic disk cupping include the loss of retinal ganglion cells, glial cells, and blood vessels [1] .
Although elevated intraocular pressure is considered a major risk factor for the development of glaucoma, immune system involvement in the neurodegenerative process has been increasingly emphasized. Numerous studies have been published that confirm the autoimmune component of glaucomatous optic neuropathy, with the immune system responsible for the degeneration of retinal ganglion cells and their axons [5] , but other studies contradict this hypothesis [6] .
Many of these studies concern the role of heat shock proteins (HSPs) in the pathogenesis of glaucoma. HSPs, also referred to as stress proteins, are named and classified into families according to their molecular mass. Because of considerable antigenic similarities between bacterial and human HSPs, HSPs are highly immunogenic, with the resulting impact on the development of autoimmune diseases via the phenomenon of antigenic mimicry [7] [8] [9] [10] . HSPs have a protective role in cells, which start to produce large amounts of these proteins in response to stressors (cellular stress response). In neurological, inflammatory, degenerative, or neoplastic diseases, HSPs accumulate in cells of the nervous system, which confirms the fundamental role of HSPs for neuronal survival [11] . Immune responses to HSPs are involved in a number of human autoimmune diseases, such as atherosclerosis, arthritides, type 1 diabetes mellitus, and multiple sclerosis [10] [11] [12] [13] . In glaucomatous eyes, chronic cellular stress has been confirmed in the retina and optic nerve head by the finding of markedly elevated levels of HSP60 and HSP27, which suggests that these proteins are involved in the local defence mechanism in the eye [11] .
The few studies conducted to date found elevated levels of antibodies against HSP27, aB-crystalline, HSP60, and HSP70 in patients with glaucoma, especially normal-tension glaucoma (NTG) [14] [15] [16] . However, a study published by Boehm et al. does not support those findings, as they observed that although the levels of anti-HSP60 antibodies were elevated in patients with POAG compared to normal controls, the difference was not statistically significant [17] .
HSPs are highly immunogenic, but the immune response is not associated with the development of many autoimmune disorders. Although HSP overexpression in glaucomatous eyes initially protects the retinal ganglion cells from further damage, at a later stage it may induce an immune response that contributes to the progression of glaucomatous optic neuropathy. The glial cells of the retina and optic nerve present the antigen. After the glial cells become activated, HSP overexpression may be an immunostimulating factor that leads to breaking of immune tolerance. Elevated levels of antibodies against HSP in patients with glaucoma may reflect a general response to cellular damage, and thus lead to disease progression by attenuating the ability of native HSPs to protect cells [11] .
Aim of the study
The aim of the study was to determine if normal-tension glaucoma (NTG) coexists with elevated levels of antibodies against human heat shock protein HSP60.
Material and Methods
This was a case-control study carried out in 4 groups of subjects with NTG (Group 1), POAG (Group 2), autoimmune rheumatic diseases (Group 3), and controls (Group 4).
The study was approved by the Bioethics Committee at the Medical Centre of Postgraduate Education. Before entering the study, each subject was informed by a physician and given printed "Patient Information" (which they were told to read carefully) about their participation in a clinical study. Next, subjects gave their informed consent to participation in the study by filling out and signing the Informed Consent for Clinical Studies Form.
All subjects had complete ophthalmologic examination and blood tests. The ophthalmologic examination included visual acuity, intraocular pressure measurements using applanation and pascal tonometry, detailed assessment of the anterior and posterior segments of the eye, pachymetry, gonioscopy, visual-field examination, and optical coherence tomography (OCT) of the optic nerve head and the macula.
Venous blood samples from the study subjects were centrifuged within 30 minutes of collection and the serum was pipetted into separate test tubes and stored in a freezer at -24°C. Serum samples were analyzed by enzyme-linked immunoabsorbent assay (ELISA, StressGen) for antibodies against human HSP60 when blood samples had been collected from all subjects.
The exclusion criteria were as follows: lack of informed consent, ocular diseases that might lead to false results (e.g., corneal disorders with possible impact on visual acuity and visual field, including corneal ulceration, corneal injury, corneal dystrophy, and corneal swelling); disorders of the lens, including mature cataract, brown cataract and congenital cataract with impact on visual acuity and visual field; retinal disorders with possible impact on visual acuity and visual field, including acquired macular disorders (e.g., age-related macular degeneration); retinal vascular disorders (e.g., diabetic retinopathy), retinal detachment; neurological disorders and optic nerve disorders with possible impact on visual acuity and visual field, including status post cerebrovascular accident, optic neuritis, and optic neuropathy); severe systemic disease with possible impact on serum antibody levels including chronic viral hepatitis; chronic inflammatory pulmonary disorders; systemic malignancies, viral infections (e.g., AIDS, infectious mononucleosis, and influenza); bacterial infections (tuberculosis, syphilis, leprosy, brucellosis, salmonellosis, subacute endocarditis); parasitic infestations (e.g., malaria, filariasis, and schistosomiasis); status after vaccination against viral disease; medical treatments affecting autoantibody levels and intraocular pressure; and pregnancy.
Statistical analysis
Statistical analyses were performed using STAT software. The normality of distribution of the study variables in groups was assessed with the Shapiro-Wilk test. Because of departures from normality assumptions, the non-parametric Kruskal-Wallis test was used for comparisons. The chi-square test was used to compare frequencies. The entire statistical analysis was performed at the significance level a=0.05. Results were considered statistically significant at p<0.05.
Results
We included a total of 139 patients in the study. Their demographic data are presented in Table 1 .
The following levels of antibodies against human HSP60 were measured in the study groups (Figure 1 The result was not statistically significant (p=0.96).
Discussion
In this study, serum levels of antibodies against human HSP60 were measured in 4 groups of subjects: with NTG, with POAG, with autoimmune rheumatic diseases, and normal controls.
In the NTG group, the level of HSP60 antibodies was higher compared to the POAG group and controls, but the difference was not statistically significant. The highest level of antibodies against HSP60 was found in subjects with autoimmune rheumatic diseases, but the difference between this group and the remaining groups was not statistically significant. These findings do not confirm the results of 2 studies performed by Wax et al. [14, 16] . In the first study, they demonstrated that patients with glaucoma had elevated levels of antibodies against HSP60, both human and bacterial, based on the comparison between subjects with NTG and POAG, and normal controls. The levels of antibodies against human HSP60 in the NTG subjects and POAG subjects were comparable, but in both groups they were significantly higher compared to controls. The levels of antibodies against bacterial HSP60 were significantly elevated in the NTG subjects compared to the POAG subjects. According to Wax et al., comparable levels of antibodies against human HSP60 in NTG and POAG might suggest a similar mechanism underlying optic disc neuropathy, while elevated levels of antibodies against bacterial HSP60 in the subjects with NTG might indicate a stronger abnormal immune response to bacterial HSP60. In their later study, Wax et al. compared the levels of antibodies against bacterial and human HSP60 in larger groups of patients from the United States and Japan and revealed elevated levels of antibodies against human and bacterial HSP60 in NTG patients compared to POAG patients, who, however, had higher HSP60 antibody levels compared to controls [16] . The results of these 2 studies are not quite consistent, as the earlier study did not find any differences between the levels of antibodies against HSPs in NTG and POAG [14] . in subjects with POAG and in controls, but did not find elevated HSP60 antibodies in the former compared to the latter [17] . Also, the results of the present study do not confirm the observations by Wax et al. reported from the United States and Japan. We demonstrate lack of significant differences in the levels of antibodies against human HSP60 between NTG and POAG subjects and controls. Subjects' ages could not have had any impact on this finding, because they were comparable in all studies discussed. The differences may be due to other factors. First of all, antibodies against human HSP60 may also be found in healthy individuals, both neonates and adults [18, 19] . Additionally, the international literature now offers increasing evidence for the autoimmune component of atherosclerosis, with an important role of HSPs, including HSP60, in its pathogenesis [13, 20, 21] . According to recent research, antibodies against HSP60 may play a role in the etiology of cardiomyopathy, including diabetic cardiomyopathy (hence, elevated levels of anti-HSP60 antibodies in diabetes) and atrial fibrillation, but not in arterial hypertension [20] . Another important observation of this study is absence of elevated levels of antibodies against HSP60 in subjects with rheumatic diseases, despite the autoimmune component of their disorder. This finding may be accounted for by the role of antibodies against HSP60 in the pathogenesis of atherosclerosis. Only patients with rheumatic diseases and co-existing atherosclerosis were found to have elevated serum titers of antibodies against HSP60 [22] . Nowadays, rheumatic diseases are increasingly diagnosed in younger patients, and in this study the mean age of the subjects with rheumatic diseases was 47.7 years and none of them had ischemic heart disease. It may be safely assumed that in patients with NTG, HSP60 antibodies would elevate only in patients with coexisting atherosclerosis, which is why these antibodies could not be detected in the sera of the relatively young glaucoma subjects with no history of cardiovascular disease assessed in this study. In the studies from other international centers discussed in this paper, there is no information concerning a possible history of cardiovascular disease in the subjects with NTG and elevated titers of antibodies against HSP60 [14, 16] .
Conclusions
This study does not confirm the hypothesis that normal-tension glaucoma is associated with elevated blood levels of antibodies against human heat shock protein (HSP) 60. Future studies with larger groups of patients are needed to further investigate the role HSP60 plays in the pathogenesis of glaucoma.
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